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Drugsin ClinicalUseWhichCauseCancer
ROBERTHOOVER,M.D., and JOSEPHF. FRAUMENI,JR., M.D. Bethes&,Md.

DENTIFICATIONOf chemical agents that in certain diseases. However, as different
ca_Js_: _:a1_ccr has come ]argely- from conditions are added to the therapeutic

studies in laboratory animals and surveys indications for a drug, new assessments of
of industrial workers. In contrast, only cost-benefit ratios must be made.

limited information is available on drugs Radioisotopes exert carcinogenic effects
as carcinogens in man. This paper at- by release of ionizing radiation at deposi-
tempts to summarize the small amount of tion sites in the body. For example, radio-
epidemiologic evidence for the carcino- active phosphorus increases the risk of
genieity of drugs that have been, or are, leukemia in patients with polycythemia
in clinical use. However, the few agents vera. 2 Radium and mesothorium, bone-
implicated do not mean that other drugs in seeking isotopes once used for various ill-
clinical practice do not cause cancer; in- nesses, produced a high rate of osteogenic
stead, it indicates that the long-term sarcoma and carcinoma in mucous mere-

effects of most drugs have simply not been branes near bone, such as the paranasal
assessed in man. Indeed, epidemiologie sinuses, s The same effect resulted from

evaluation is urgent for widely used drugs occupational exposures among radium-
that show clinical suspicion of a" hazard dial painters and radium chemists. Thor-
or that are carcinogenic in the laboratory, otrast, deposited in the reticuloendothelial

A classification of drug-cancer relation- system after use in radiographic studies,
ships in laboratory animals and man is induced hepatic hemangioendotheliomas
shown in Table I. We shall present some in many cases. 4

criteria for selecting from these categories Immunosuppressive agents (antime-

those drugs which should be evaluated in tabolites, corticosteroids, antilymphocyte
man. serum) are suspected as being contribut-

Drug Exposures A.oeiated with ing factors to the high cancer risk experi-
Human Cancer enced by renal transplant recipients. The

This category, recently reviewed by mechanism undoubtedly involves some
Fraumeni and Miller, 1 is summarized in alteration of immunologic processes rather
Table II. Some agents have been diseon- than chemical induction of malignant
tinued from clinical use at the recognition change. In a recent follow-up study of
of carcinogenic potential. Others are still over 6000 recipients of renal transplants,

the risk of lymphoma was about 35 timesused because current estimates of the cost-
benefit ratio warrant their administration normal expectation---derived almost en-

tirely from a risk of reticulum cell sar-

From the Epidemiology Branch, National Cancer coma that was 350 times higher than
Institute, Bethesda, Md. 20014. expected." Skin and lip cancers occurred
Presented at a Symposium on Drug-Induced up to four times more often than ex-
Carcinogenesis,held at the Annual Meeting of
The American College of Clinical Pharmacology pected, whereas the risk of other cancers
in Atlantic City, N.J., May 3-4, 1974. showed a 21/_-fold excess in men only, due
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SYMPOSIUM" DRUG INDUCED CARCINOGENESI,g

TABLE I kn.'.v,w' _,_ be a bladder _.ar(,i_ogcn in in-

Categories of Drug-Cancer Relationships in dusFci:,.} -_vmkers. In additi(m, certain
Man and in Laboratory Animals all:y}.! hm' _-_ven_s seem _o elevate fi_e risk

,ff _._dt, h,uke,,nia, espe_,h_i!y the myelo-

L Drug ex[,osure_ a_soei,ted wilh _nneer in ('y_iC ;.Hid ii[o_)oll_ycloeyt[e 1)'pes. Most
mail.

st:'iLi,,_ haa he,n, an i_wr,:,a_e in }euketnb_
IlL Drug exposures ea,_c_fio_en_c in la|mr:_!ory ..

animals tha_ with J:tv_,-t;;_atfim }::t_e thus {IHtOI'., R plt;_lOtI.,.q with tllllltiI)]o Ill Veloula

far demonstratecl r,_, c:.,_,'}v.o/eni,:i_yfor treater[ \Villi ille}pJHllan OF cvclep',._spha-
man. Illide, 9 although one (-ann,,;t yet exclmle

I[I. Drug exposures ear'q_,io,z_nie, in I'd_oratory In,' l,,>ssib!lity _hat ilnprovcd slArviva[ has
animals that have n(;l been evaluate4 in pern_itt."d the dev.-!opm,,nt of a hems-

man. topoie*,;e neoplasm related to the origin or

IV. Drug exposures either rot carcinogenic in llP, tll!'_t] histo'_3" oi" m)elo,na. A_othereffect

labor'ttory animals or whose ear inogonieity oJ' cvt,;toxic drlt_2"s was suggested by a re-is unknown. ' •
cent C,l!ow-up study of liodgkiu's disease,

which showed |hat imensi',e chemotherapy
e:dm_oed the risk of second cancers origi-

largely to soft tissue sarc.'m_a and helm- natin_, at heavily irradiated sites)"

tobiliarycareinoma, g,,-,,thetic estro,_ens, particularly stil-

Since persons with heritable immune- bestrol, have hi_gen.d much recent con-

deficiency syndromes are susceptible to corn shout the carcinogenic, effects of

lymphoma and possibly other cancersfi it d,'u_s. First evidence for a hum'm trans-

is likely that imnmnosuppressive dr-ags placental oarcino_er, came in 1971, when

play a role in post-transplant earcinogene- a link was reported between stilbestrol

sis. While there have been ease reports of and a cluster of vaginal adenocarcinoma

cancers developing in patients with other in Boston among eight women between

conditions treated with these dru_'s, as 11 and 22 years of age." At present pre-

yer there has been no study to determine nata_ exposure to syntheth- estrogens has

whether there is any real excess of ms- been ii_fl;ed to clear cell careinomas of the

li¢nancy. Perhaps the predisposition to vagina and cervix in dozens of patients

neoplasia in transplant recipients results 7 to 25 years of age. ': However, based nn

from an interaction hetwee_, immunosup- a recount follow-up study, the attack rate

pression and immunostimulation by anti- for these cancers following in utero ex-

gens from the grafted kidney. The mocha- posure to estrogens has been estimated 's

nism will be important to establish. For _,htts t'ar tr; be uo _zeeater than 4 per 1000.

while the cancer risk involved is currently S?,uthetie estrogens given after birth

considered acceptable for renal transplan- _aay also induc¢_ cancer. In a recent study

tation, similar risks involved in the use o[ of 24 patients recaivip._ sti!bestrol at least

the agents for !ess serious conditions might five years for gonadal dys_enesis, endo-

be unacceptable, metrial carcinoma developed in two and

Cytotoxic agents used in cancer theme- possibly three easesY Tocether with three

therapy are often carcinogenic in labora- cases in the literature, the tmnors were

tory animals, and some may induce cancer diag_sed between 28 a_d .q5 )'ears of age,

in man. _ Chlornaphazine wa_ withdrawn and most were of an unusual mixed or

in 1964 when high doses for polycythemia adenosqtmmous type.
vera and tIod_kin's diseas_ were found ta Exogenous androgens have been impli--

cause bladder tumor_, s Thi._ dru_ is a coted in a recent series of eight patients

derivative of/?-_aphtl,.ylar, ine, which was with hepatocellular carcinoma following

January, !975 17



HOOVER AND FRAUMENI

TABLE II

Cancers Related to Drug _.xposures in Man

Radioisotopes
Phosphorus (z2p) Acute leukemia
]_adium, mesothorium Osteosarcoma and sinus carcinoma
Thorotrast Hemangioendothelioma of liver

(for r('nal transplantation)
Anli]ymihocyte serum Reticulum cell sarcoma
Antimet_bolites (?) Other cancers (skin, liver, soft tissue
Co_ticost eroids sarcoma)

Cytotoxic Drugs
Chlornapnazine Bladder cancer
Melphahm Acute myelomonocytie leukemia
Cyclophosphamide

llormo)les

,qynthetie estrogens
prenatal Vaginal and cervical adenocarcinoma

(clear cell type)
i)ostnatal Endometrial carcinoma

(adenosquamous type)
Amh,ogenic-anabolic steroids IIepatocellular carcinoma

(for aplastic anemia)

Others
Arsenic Skin cancer
Phenacetin-containing drugs :Renal pelvis carcinoma
? Diphenylhydantoin Lymphoma
Coal tar ointments Skin cancer
? Chloramphenicol Leukemia
? Anaphetamines lIodgkin's disease

long-term treatment of aplastic or Fan- attributed to medicinal arsenic, but these
coni's anemia with androgenic-anabolie occurrences may not be in excess of ex-

steroids, primarily oxymetholone or peetationY ,_s

methyltestosterone derivatives. _5 Addi- Large doses of analgesic drugs contain-

tional cases have been reported and under- ing phenacetin are a causal factor in

score the need for further evaluation of chronic pyelonephritis and papillary

these compounds, necrosis. Reports frpm various countries

Inorganic arsenicals have not been indicate that patients with "analgesic

shown to be carcinogenic in experimental nephropathy" are at high risk of develop-

animals. However, when taken internally, ing transitional cell tumors of the renal

the agents _lre generally considered to pelvis. _a-2_ Coal tar and creosote prepara-

cause skin cancer in man. _e,_ The skin tions (containing polycyclic hydrocar-

cancers following arsenical use are char- boas) have been reported to cause skin

acteristically multiple, involve unexposed cancer in laboratory animals, in exposed

parts of the body and unusual locations workers, and in patients using these prep-
(e.g., palms of the hand), and are asso- arations? 2

ciated with arsenical pigmentation and Three drugs have question marks asso-

hyperkeratosis. Instances of hmg cancer ciated with their carc]nogenicity--di-

and liver hemangioendothelioma have been phenylhydantoin, chloramphenieol, and

18 The Journal of Clinical Pharmacology



,,_YMPOSrUM: DRUG IhrDUCED CA_C!NO(IF.N'_2I_

amphetamines. \_rhile there is s_me human usage thiu re!atio_ship needs further in-
evidence o_ eareinogenicity, adequate "_'_stigation.
epidemioiogie testing h_)s _o_ !:._-endone

; ",--_ -- _ _;c ,.- Drugs wi¢.h _aroi_og'eai_ Potential inDilantin _¢asionally mc_......s l: mp,_...'l, e-
actions that regress on cessation of ];_boratory Animal_ I_ut No
therapy.Transformation_f tMs _ate to Demo_s_ratecl_areinogenicityin Man

malignant lymphema has been r_:por+.ed in Exactly which dm_gs are placed in this
several patients? 3 The m._t.ace ef this as,_- ca._:egcry depends on how rigorous an
elation remains to b,_ defined, but recent eva!u_tion is expected in order to fulfill
evidence in man a_d !aboratorh, animals tl-,e requirements of investigation in man.

suggests that the drug may _wedispose ,% If one expects ,;rue analy;ie epidemiologic
lymphoma by its capacity to concurrently studies of reasonabie mlmbers of exposed
depress and stimulate immune re- persons followed up adequately to assess
sponses. 24,2_ It is obvious, however, from a long-term effect, then the li_ may be
two separate studies 2e,_Tthat if there is an reduced to two drug_+--isoniazid s: and the
excess risk, it is almost certainly of smM1 female sex hormones, including natural
magnitude and probably qnite acceptable and a_iflcial estrogens, progestins, and
given the drug's efficacy in the treatment combinations of +,hess2a-="_This short list
of epilepsy, a.'.tests to the difficulties of doing appro-

Chloramphenicol and other marrow- pNate evaluations in humans. In man, it
depressing dru_s have been implicated, by is probable that evaiuatbns of carcinogens
case reports, in the development of lea- will have to include factors such as age,
kemia. _s,_s A causal relationship would be latent period, and c;_esrcinogen exposures
consistent with the potential of leukemo- that complicate the assessment, of carcino-

gens (radiation, benzene, alkylating genicity.
agents) to produce aplastie anemia. _'s° Age at exposure as a determinarit of
The production of chromosomal defects by carcinogenic risk is illustrated by the as-
chloramphenieol supports the possiM]ity social.ion of indus.trial chemical exposures
of a leukemia hazard, since such defects with bladder cancer (Table III). _ As is
are seen in various conditions at high risk illustrated here, the younger the worker
of leukemia. _-_,s° ag first expos:_.re, the gTeater the risk. In

Recently, a ease-control study revealed this study, the e-<cess risk was limited to
a six-fold excess among l_oclgkin's dis- those first exposed under age 26.
ease patients in the prior histo_- of am- The long latent period between exposure

phetamine use, mainly for weight reduc- to a ,'_arcinogen and manifestation of the
tion. _ With the problems involved in ob- cancer is perhaps the single most impor-
taining a reliable history of such drug rant obstacle to adequate evaluation. Even

TABLE HI

Relative Risk of Bladder Cancer According to Age When Employment in a
Hazardous Occupation Began*

.Age at star_ing

I2-I5 yes 16_0 yes 21-25 :_s 26-35 _'_ 36+ yrs Never

Relative risk _.8 2.5 2,0 1.1 i.3 1.0

*Risk of bladder cancer relative to a risk of 10 _oz those never employed in a hazardous
occupation. Data taken from Hoover end Cole.aT
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ohe of the mos_ potent industrial cax'- is, "not very." In tile case of oral contra-
cinogens kno_, f/-naphthylamine, in- ceptives, there have been two well-.designed
volves an average latent period of ]8 years _nd well executed ana!ytie studies of the
follow-tug exposure/8 In other industrial relati_)nship to cancer of the breast, the
exposures, the average latent periods are site thought most likely to be at risk. a_,a6
40 to 50 years, a7 The role of this factor in These studies found no increased cancer
recognizing dralg-induecd cancer is illus- risk, but oral contraceptives have been
trated by the apparent relation of alkylat- licensed for use only since, 1960, and in
ins agents to acute leukemia. In the 26 widespresd use only since 1965. Thus, the

reported cases of leukemia complicating latent period that has elapsed between ex-
multiple myeh)ma to date,, the average posure and the evaluation for disease has
latent period was about 41,/2years2 Since only been five to ten years for even the

the primary indication $or this therapy is earliest of users.
a usually fatal malignancy, the identifica- Probably even more important for an
tion of risk was dependent on following adequate assessment of a drug-cancer re-
up a fairly large nulnber <>frelatively long lationship is a knowledge of the epidemi-
survivors, elegy of the cancer in question. An ex-

Cocareinogens may be as important in ample for breast cancer is the protective
human carcinogenesis as they are in !abe- effect of early first birth--a woman who
ratory animals. It is knox_m, for example, has her first child while less than 18
that asbestos workers who smoke cigarettes yc,ars of age has one third the risk of
have eight times the risk of dying from breast cancer of a woman having her first
lung cancer as cigarette smokers who do child after the age of 35 years. 4° Perhaps,
not work with asbestc_s, and 92 t.imes the then, an adverse effect of ster,)id drugs
risk of men who neither work with as- n;ight be restricted to, or at, least m._re
bestos nor smoke cigarettes, a_ prominent in, those women using them in

These three factors, and probably early reproductive life. In a re_ent survey
others, need to be considered in the evalu- of Boston-area women of predominantly
ation of carcinogenic, risks. If not taken middle and upper social class, it was
into account, each variable can inhibit the sho_n that women who are entering the
recognition and interpretation of drug- breast cancer age range have not used
associated cancers. Often, these variables these a_ent_ in their early reproductive
not only act independently but also in- lives, simply because they did not have
teract with each other. This interaction is the opportunity to do so) _ The exposure
illustrated by the capacity of stilbestrol being studied in these wnmen, therefore,
to cause genital tract adenocarcinomas, may not be relevant to the effect ,f ex-
Production of the neoplasms has appar- posure at a youn_er, more susceptible- age.
ently involved a specifically timed pre- These difflcu]ties, coupled _dth rccen_ re-

natal exposure (probably first trimester), ports of an increased risk of two different
a latent period usually ._ver Mn years, types of neoplasia in oral contraceptive
and possibly a concomitant surge of en.- users (focal nodular hyperplasia of the
dogenous estrogens during puberty (act- liver 42 and in situ cervical neoplasia4'_),
ing as a promoting factor). _enerate some uneasiness about the reslflts

Because of the problems involved in of futureevaluations.
adequate evaluations of drugs in man, how

confident are we that the negative fin,Jings 0ther Drug Exposures

reported for isoniazid and oral eo_tracep- The last _',vo categories in Table I con-
tires are adequate ? We think the answer tern drugs not yet evalu,_ted in man. H_w-

20 The Jourmd of Clinical Pharmacology



8YMPO,_IUM: DRU(;-INDUCED C.IRCINOGENESI8

ever, in assessing priorities for epidemi- some I)(,,)1,1_,.,li,,ial,, the m,_,d I'm' epidemi-
ologie study of these drugs, it w(mld seem oh)gi_, (,valmlli,m. Study or _.hlm.proma-
prudent to weigh (a) relative eareino- zim, ;rod _lh,.J' ph_.m)tl_i,zim,s may l)_'
geni(,ity in the laboratory, along with (b) jnstiI _,,l th_',m-h an ,,lili,',.ly difi',,l'ent
the nlagnitude of l)Ol)nlation eXl)osnrp and i';iti,omh.. ']']ws_, agcnls av_.],,dent slimnla-
various 1)arameters of this exl)OSllre (e.g., tm's ,,l' prola(.lin rt,le;ise in J'q'lll;lles. 49 ,_i.]_ '_,'

age, length of treatment, reason for treat- ])rolm.liJl m;Lv b_, ;i risk fmdm' in br_,:lst
meat). Table IV lists a few drugs that (._n_'_'J'. lhe risk _,l" this m.oplasm ,_h(mhl
wouht qualify for epidemiologie study at be 4,slinmted am,rag a _'roup or w()m_,n
the earliest opl)ortunity. Others may tr_,ah,,l with ]wJvv doses.

choose a different priority for human in- In ;Mdition, iron &,xtran is lisle,1 1.,-
vestigations, and ol)vionsly the list shouhl cause, ,)f ils (.;J,'(,ino_',,nMty in ani,,mls.
be nmch longer, wi,lespr,.ad usage, aml smm_ (.as(' repn,'ts

Various agents in cancer chemotherapy of malignan(.ies at the site of in.ieetion. '_n''_
• have shown considerable carcinogenic po-

tential in the lal)oratory. These dru_ have Oonclusions
enabled some young people with cancer
to survive long periods 4..*_ and are being In this report, we have sunmmrized (n)
used in combination much earlier in the the evidence lhat certain drugs in&we

natural history of various malignancies. _,ancer in man: (b)the diffieulties involve,l
Furthermore, these agents are employed in making an a(h'quate evaluation of can-
increasingly in nonmalignant condi- cer risk in persons exposed to suspected
tions, 4a,4_so that a major effort is now re- agents: and (c) some guidelines that
quired to assess the long-term risks, aright help in selecting drugs for epidemi-

ologie investigation. At present, onlyLaboratory research has raised concern
about a group of drugs (,lassed as tertiary sparse ]roman data exist to resolve ques-
amines. Expcrimenta]]y, these agents in tions regarding the carcinogenic potential
the presence of a large amount of nitrite of many drugs, including some in general
and an appropriately acidic pH form use formanyyears.
highly carcinogenic nitrosamines. 4s In So far, none of the positive studies of
man, it has ])oen suo'gcstcd that these drug-associated cancers in man has been
drugs may produce nitrosamines after in- inspired 1)y lal)oratory clues. Indeed, many

tcracting with dietary nitrites in an acid agents found to be carcinogenic in man
were at the time untested, or tested withstomach. Widespread population expo-

sure over many years, and chronic use by negative results, in animals. The clues
have been supplied usually by alert clini-
cians, reporting that something unusual

TABLE IV was happening to people and stirring more
Some Drug Exposures Carcinogenic in analytic investigations. ,qince this ap-

Laboratory Animals That Have Not preach has been fruitful, we should ob-
Been Evaluated in Man viously encourage the continued reporting

Chemotherapeutic Agents of suspicious associations and prompt
epidemiologic pursuit.Tertiary Amines

aminopyrine However, with the increasing exposure
oxyfetracycline of our society to a large batteL_" of phar-
chlorpromazine
etc. macologic agents, many taken by health.v

individuals, some mechanism is needed for
Iron Dextran determining which drugs should be evalu-
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